240

5 11 Blwdh C TR RSEE R 3

For 849 people who lived in the local government, chest screening for lung cancer with
mobile CT unit was performed. A participant recommended detailed examination underweni
{hin-section CT, and the parlicipant recommended [uriher examinailion underwent
diagnoslic examination.

Resulls

Detailed examination was recommended for 100 people, and 83 people underwent
thin-section CT. Five lung cancer and one aiypical adenomatous hyperplasia (AAH) were
diagnosed by CT-guided biopsy, open fung biopsy or video—assisted thoracic surgery. 18
people underwent fellow-up for less than 2 years. During follow-up, lesion appeared in
other locus and reduced in one case, and lesion enlarged in anolher case. Belween group
C (6 lesion of six case in lung cancer and AAH) and group F (22 lesion in (8 [ollow-up
case), there was a significant diflerence in the ralio of five diagnostic CT [indings
(ill-defined, irregular, ground-grass opacity, air bronchogram and venous involvement).
Conclusion

CTfindings of ill-defined, irregular, ground-grass opacily, air bronchogram and venous
involvement suggested malignanl lesion.

Key words: Mobile CT unit, Thin-section CT, Lung cancer, Follow-up, Chesl screening
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ABSTRACT

The increasing number of CT images to be interpreted in mass screening requires radiologists to interpret a huge
number of CT images, and the capacity for screening has therefore been limited by the capacity to process images. To
remedy this situation we considered paramedical staff, especially radiological technologists, as “potential screeners,” and
investigated their capacity to detect abnormalities in CT images of lung cancer screening with and without the assistance
of a computer-aided diagnosis (CAD) system. We then compared their performances with those of physicians. A set of
100 slices of thoracic CT images from 100 cases ( 73 abnormal and 27 normal), one slice per case, was interpreted by 43
paramedical college students. A second interpretation by the students was performed after they had been instructed on
how to interpret CT images, and a third interpretation was assisted by a virtual CAD system. We calculated the areas
under the ROC curve (Az values) for both students and physicians. For the first set of interpretations, the Az values of
40% out of students placed the Az values within the range of Az values of the physicians, which varied from 0.870 to
0.964. For the second set of interpretations after the students had been instructed on CT image interpretation, the
students’ rate was 86%, and for the third set of virtual CAD-assisted interpretations it was 95%. The performance of
paramedical college students in detecting abnormalities from thoracic CT images proved to be sufficient to qualify them
as “potential screeners.”

Keywords: CT, mass screening, image interpretation, paramedical staff, ROC curve, training, CAD, supertechnologist
1. INTRODUCTION

CT equipment, which may truly be said to represent a revolution in radiological capability, has made 2 substantial
contribution to improving the efficiency and accuracy of diagnosing thoracic disorders. An insufficiently developed
methodology (imaging and interpretation methods) for its use, however, would mean that its benefits for patients and
medical administrators are inadequate in comparison with the risk posed by X-ray exposure.
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The CT equipment currently in use in Japan is moving from single-slice CT to multi-slice CT (muitidetector-row CT,
MDCT), and the use of CT for diagnosing lung cancer’ as well as in MDCT scans for outpatient screening is becoming
widespread. As aresult, both the volume and quahty of CT images is increasing?, the workload of physicians responsible
for CT image interpretation is becoming heavier’, and concern is mounting for the possibility that some abnormalities
may be missed owing to the impossibility of viewing every image. It also invites a situation in which the number of
scans and outpatient screenings that can be carried out is limited by the volume of CT images that can be interpreted.

To remedy this situation and ensure that a large number of people can benefit from advances in CT technology, we
have developed the following three CT-interpretation support systerns necessary for the efficient and highly accurate
interpretation of high-definition, large-volume thoracic CT images. (1) A system that displays CT images for
interpretation as moving images on a CRT monitor, enabling interpretation in comparison with previous CT scans of the
same patient. (2) A systent using high-speed networks to transfer CT images between CT-interpretation support systems
in remote locations so that physicians can interpret the CT images. (3) A computer-aided diagnosis (CAD) system that
automatically detects signs of lung cancer. We have also investigated a method of interpretation using these CRT
interpretation support systems to avmd overlooking abnormalities (the methoed of double checking by either two people
or one person and a CAD system)°. Attempts are also in progress to construct new collaborative systemns to improve the
efficiency and accuracy of CT image interpretation. R. M. Friedenberg © has investigated the possibility of employing
persons other than physicians to interpret CT i unages In light of this, within Japan too the Supertechnologist Committee
of the Japanese Society of Radlolovlcal Technology’, the Society of Thoracic CT Screening, and the Ministry of Health,
Labor, and Welfare Tsuchiya Group® are all in the process of investigating the establishment of a system of accreditation
for medical radiological technologists as CT screeners.

The purpose of our research was to ascertain whether or not persons other than physicians, medical technologists,
could effectively identify abnormal findings, and to ascertain their potential as CT screeners. In this paper, we report that
we have determined the effectiveness of training in CT image interpretation and the simuitaneous use of a CAD system,
as candidate CT screeners have diagnostic abilities equal to or greater than those of physicians.

2. METHODOLOGY

2.1 Qutline of CT interpretation exercises for CT screeners

We used a CT image database with final diagnosis attached (one slice each of 270 cases ) gamered and put together
from thoracic CT screenings to give CT image interpretation exercises to 43 fourth-year students of medical technology
who might become CT screeners in future, hereafter referred to as CT screener candidates, or CTSs, as one part of their
courses in image diagnostics. A professor of image diagnostics (a physician) also participated in the exercises. A medical
physicist was responsible for designing and administering the content of the exercises. The objective of the exercises was
to give the CTSs hands-on experience of detecting thoracic findings visible on the CT images, thereby preparing them to
work as CT screeners in the near future. They also learned the method of drawing ROC curves based on their own data
interpretation, became aware of their own current interpreting abilities, learned how to interpret CT images, and
understood the significance of the use of CAD. In addition, the person responsible for the exercises explained that the
results of the exercises would be published in order to contribute to the objectives outlined above for CTSs and
physicians, as well as to future education and research, and obtained consent for this procedure.

2.2 Content and procedure of exercises
2.2.1 Methed of displaying CT images

The 270 CT image slices were prepared as 270 PowerPoint slides, and projected by a PC projector onto a white screen
in front of the lecturer's podium. Initially a black screen was displayed, followed by a CT image display, with the
alternation of a black screen and CT image display being repeated as a slide show. The number of the image currently
under interpretation was displayed in its top left-hand corner. The CT images were displayed for approximately 20
seconds each. Curtains were drawn in the room, and only the fluorescent ceiling lighys in the farthest row from the
display screen were used to provide sufficient light to fill in report sheets.

2.2.2 Preliminary practice in CT image interpretation and completing reports

Initially, students practiced the interpretation of CT images and how to fill out reports by using another series of 16
images, separate from the 270 cases used in the actual exercises. They were instructed that if they judged that an
abnormal finding was present, they should identify only one important finding, and indicate its localized position and the
degree of certainty of its presence on the thoracic CT schema of the bronchial bifurcation illustrated on the report sheets.
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They were also told to mark the degree of certainty on the 0%-100% scale at the right of the CT schema, checking a
figure between 51% and 100% if they judged that an abnormal finding was present and between 0% and 49% if they
determined there was no abnormatlity, and in neither case checking exactly 50%. In addition, interpreters used a
stopwatch to measure the time that elapsed between the CT image being displayed and the completion of their filling in
the degree of certainty, and were instructed to mark this data on the CT schema being used.

CTSs repeated the process of interpreting a CT image, completing a report, measuring the time for interpretation,
displaying the results of the correct diagnosis given by a CAD from an undisclosed maker, and comparing it with the
result of their own interpretation, sixteen times. They next practiced the same procedure of CT image interpretation,
report completion, and recording of the time taken for interpretation on ten examples taken from the 270 images
scheduled to be used for the exercises but not actually ernployed (nos. 255-264). This time, however, the correct answer
was not revealed. Note: the time taken to interpret the CT images was measured for a purpose other than that of the
present report in only Exercise 1 described below. As these data are not analyzed in this report, they are not further
discussed here.

2.2.3 CT DImage Interpreting Exercise 1

Following upon the preliminary practice described above, CT image interpreting exercises were administered. The
CTSs interpreted the first half of the 270 CT image slices (nos. 1~115) according to the method described in sections
221 and 2.2.2.

2.2.4 CT Image Interpreting Exercise 2

One month after Exercise 1, the CTSs were given training using 50 cases from the CT image database (nos. 136-1 85)
as follows. Students repeated 50 times the procedure of CT image display, interpretation, recording the result and
indicating the localized position of the observation and the degree of certainty of its presence on a report form, revelation
of the correct answer, and comparison with their own determination. They subsequently interpreted images nos. 1-115,
recorded the position of the finding, and marked the degree of certainty, according to the method described in sections
221 and2.2.2.

2,2.5 CT Image Interpreting Exercise 3

Three months after Exercise 2, CTSs were given their own CT image interpreting reports completed durin g Exercise
2, and were instructed to interpret each CT image by the method outlined in sections 2.2.1 and 2.2.2, using the result
given by a hypothetical CAD system as a reference. At this point, the following instructions were given before the
exercise commenced. First, each CTS was provided with his or her interpreting performance in Exercise 2 comprising
numerical data on specificity and sensitivity and the performance of the hypothetical CAD, as well as the optimal
performance to be expected by combining the results of the individual and the CAD, that is to say, the highest attainable
figure, as a diagram readable at a glance (Fig. 4 below), and the meaning of these data and the way to read the diagram
were explained. In addition, it was explained that the objective of the following exercise was to take responsibility for
deciding on the correct judgment through comparing the judgment made previously by the individual with that of the
CAD system, increasing diagnostic accuracy. Note that individual performance was indicated by specificity and
sensitivity, calculated by treating an answer in Exercise 2 of a degree of certainty of 0%—49% as a Jjudgment of no
abnormal finding (0) and a degree of certainty of 51%—100% as a judgment of an abnormal finding (1). CTSs
subsequently interpreted nos. 1-105 from the image database, recording the position of an abnormal finding and the
degree of certainty on a report form with a reduced copy of each image arranged in the same position as in Exercises 1
and 2.

2.3 Interpreting experiment by Physicians' Group (PG)

We carried out an interpretation experiment on a group of five physicians (hereafter referred to as the Physicians’
Group, PG) using the same CT image database as that used by the CTSs, with the objective of analyzing the line of sight
of physicians when interpreting CT image data'’. ‘The physician who participated in the main exercises was not a
member of the PG. The eye camera used to gather line-of-sight data was a non-contact EyeMark recorder manufactured
by NAC Co. CT images were displayed on a 19-inch CRT monitor. The interpretation experiment was carried out under
low ambient lighting sufficient to complete report sheets, with curtains drawn across the windows. The CT images used
for interpretation were nos. 1-100 from the same image database as used by the CTSs. The PG that interpreted them
consisted of four respiratory physicians and one radiologist, all with experience ranging from several to more than ten
years in thoracic CT image interpretation. The interpretation experiment was carried out in two stages. During the first
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stage the subjects diagnosed the presence or otherwise of abnormalities in cases nos. 1-100, in the same way as Exercise
1 for the CTSs. In the second stage, they interpreted the same case images to detect abnormalities and undertake a
qualitative diagnosis to determine whether these represented findings of lung cancer, pathological changes resulting from
a disorder other than lung cancer, or healthy individuals. In this report, we compare the results of the PG's diagnoses of
the presence of abnormalities with those of the CTSs.

2.4 Distribution of cases in the CT image database used for interpretation

Qut of a total of 270 image slices with a confirmed diagnosis, 201 had positive findings (131 cases of lung cancer, 70
cases other than lung cancer) and 69 were healthy and had negative findings. The number of CT images interpreted in
this research by CTSs and the PG differed in each series according to the time taken to carry out the experiments. In
Exercises 1 and 2, 115 slices were interpreted, out of which 83 included abnormalities (58 cases of lung cancer, 25 cases
other than lung cancer) and 32 were healthy. In Exercise 3, 105 slices were interpreted, of which 75 included
abnormalities (52 cases of lung cancer, 23 cases other than lung cancer) and 30 were healthy. In the 100 slices
interpreted in common with the PG reporied below, 73 included abnormalities (51 cases of lung cancer, 22 cases other
than Tung cancer) and 27 were healthy. In this report, cases with a confirmed diagnosis of an abnormality included both
regions with and without an abnormality and, whereas a confirmed diagnosis of healthy was regarded as a region without
abnormality, for the reason for this see section 2.6, Accordingly, the total number of regions without abnormality is
identical with the overall number of slices for interpretation, and the number of regions with abnormalities is identical
with the number of cases of abnormality.

2.5 Functions of the hypothetical CAD system

The feature of the hypothetical CAD systemn was the fact that it detected one abnormal finding only from one CT
image slice. It was adjusted to have a performance of TPR = 80.0% and PR = 7.6% for the total 105 images used in the
exercise, for definitions of TPR and FPR see section 2.6. The system's detection or non-detection of an abnormality in
each CT image was adjusted to result in a correlation (¢'®) between the CTSs determination of the absence or presence of
an abnormality (0,1) and the result given by the CAD system {0,1) of ¢ = 0.17 on average for CTSs for a confirmed
diagnosis of regions without abnormality and ¢ = —0.02 on average for CTSs for regions with abnormatity. The
correlation (¢) was confirmed as described below. The answers given during Exercise 2 by each CTS as a continuous
range of degrees of certainty were transformed into binary (0,1) data by regarding an answer of 09%-49% as no
abnormality (0) and one of 51%-100% as a judgment of the presence of an abnormality (1). The ¢ coefficient of
complementarity with the (0,1) results of the CAD system was calculated for each confirmed diagnosis of regions with
or without abnormality as well as for each CTS, and the overall average for the CTSs was derived.

2.6 Evaluation of results of interpretation

The resuits of the diagnoses of each CTS and physician during the exercise and interpreting experiment were
compared with the confirmed diagnoses and evaluated according to the method below.

The confirmed diagnosis resulted in a finding for each CT image of either the presence or absence of one abnormality
in a single image slice, The answer given by the interpreters was also whether or not an abnormality was present.
However, each assessment by an interpreter had a confidence level attached. In this paper, a confirmed diagnosis of the
presence of an abnormality included regions with and without abnormalities, and a confirmed diagnosis of healthy was
regarded as a region without abnormalities. The assessment of the interpreters regarding each of these categories was
classified as described below as TP, FN, FP or TN, and a confidence level allocated. The reason for adoption of this
procedure was to provide a common denominator for the interpretation results of all the interpreters. Accordingly, the
total number of regions without abnormality equals the sum of the number of regions without abnormality for cases with
abnormality (s} and the number of cases without abnormality (n), and the number of regions with abnormality (s) is the
same as the number of confirmed diagnoses of abnormality (s).

For cases with a confirmed diagnosis of abnormality, when each had been assessed as ejther a region with or a region
without abnormality (the presence or absence of an abnormality and its confidence level), this antomatically resulted in a
decision regarding the opposite category of region. Specifically, when the location of a true pathological change was
detected in a case with a confirmed diagnosis of the presence of an abnormality and a confidence p of 51% or greater, an
assessment as a region with abnormality was TP with a confidence of p, whereas an assessment as a region without
abnormality was TN with a confidence of 100 — p. When a case with a confirmed diagnosis of abnormality had a
confidence level p of 49% or less for an assessment as a region with abnormality, it was FIN with a confidence of p, and
an assessment as a region without abnormality was TIN with a confidence of p. If an abnormality was detected in a region
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differing from the true pathological change this was FP with a confidence of p if the confidence p was 51% or greater,
and its assessment as a region with abnormality was FN with a confidence of 100 ~ p. When an abnormality was
detected in a case with a confirmed diagnosis of healthy with a confidence p of 51% or greater this was FP with a
confidence of p, and when no abnormality was indicated with a confidence p of 49% or less this was TN with a
confidence of p.

Based on the frequency distributions of the confidence levels (0%-100%) given for the groups of regions with
abnormalities (s) and without abnormalities (s + n), we calculated the TPR according to the normal ROC method of
analysis as the number of TPs for regions with abnormalities divided by s, and the FPR as the number of FPs for regions
without abnormalities divided by (s + n). We drew ROC curves and derived the areas under the curve Az. Statistical
analysis was carried out by using SPSS.

3. RESULTS

Figure | compares the ROC curves obtained from the results of four typical CTSs in Exercises 1, 2 and 3 with the
ROC curves of the physician who sat in on Exercises 1 and 3 and of the five members of the PG who interpreted the
same cases. The diamond in CTS! indicates the results of the hypothetical CAD system used as a reference in Exercise 2
(FPR=7.6%, TPR=80.0%}.
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Figure.] Comparison of the performance of diagnosing the presence or absence of an abnormality in the case of the
physicians{P] & PG), the students{ CTS1-4) for the Exercise 1,2,3 & the CAD.

The diagnostic ability of students improved with training (Exercise 2) in comparison with their initial interpretations
of a large number of CT images, and improved further when the results of a CAD system were used as references
(Exercise 3). The level of effectiveness differed between interpreters, however. For example, the effect of training was
slight for CTS4 but high for CTS3. The effectiveness of referring to a CAD system appears to be high for all CTSs. The
effect of the CAD system was also observed for the physician (P1) who participated alongside the CTSs.

The ROC curves of the four CTSs when using the CAD system for reference are equivalent to those of the Doctors'
Group.

Figure 2 shows the ROC curves for all the CTSs in Exercises 1, 2 and 3. Figure 3 compares the Az values for the CTSs,
the one physician who participated in the exercises with the CTSs and the PG. A significant difference (p < 0.05) was
observed between the PG and the CTSs in Exercise 1 (a), but this was not significant for Exercises 2 (b} and 3 (c). The
ability of the CTSs to diagnose the presence of abnormalities varied considerably in Exercise 1, but this was reduced in
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exercises 2 and 3, The proportion of the area under the curve Az for the CTS group that was at the same level or higher
as the lower limit of the PG was 45% in Exercise 1 and 86% in Exercise 2, and it reached $5% in Exercise 3.

Exercise 1 Exercise 2 Exercise 3

Sensitivity

U.U 25 B0 75 1.00 (1] 25 50 75 1.0( 0.00 .25 50 15 1.6
1.0-Specificity 1.0-Specificity 1.0-Specificity

Figure.2 Comparison of the ROC-curves of the Exercise 1(first time), 2 (after training),
, 3 (training + CAD ) for all students (CTSs)

.1
Ex.1 Ex.2 Ex.3 P1{Ex.1} PI{Ex.3) PG
7
No. 42 42 40 1 1 5

Figure.3 Comparison of the Az in the case of (a); the students of the Exercise 1(first time), (b) Exercise 2(after
training), (c) Exercise 3 (training + CAD), (d) P1 corresponding to Ex.1, (e} P1 corresponding to Ex.3, (f) PG
compared with the CTSs.
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4. DISCUSSION

The wide variation in both ROC curves and Az between CTSs in Exercise 1 shown in Figures 2 and 3 is due to the fact
that this was the first time the CTSs had interpreted a large volume of CT images. Even so, 40% of CTSs had an Az at
least equal to that of the lower limit of the PG, for whom this is their normal occupation. This fact suggests that a
proportion of CTSs possess the potential for employment as CT screeners, at least if this is limited to diagnosing the
presence of abnormalities. Having received training in methods of interpreting CT images, the majority (86% in
combination with the CTSs in Exercise 1) had an Az at least equal to the lower limit of the PG, and there was less
variation in Az. This fact further strengthens their potential as CT screeners. The training carried out here, however,
consisted only of interpreting 50 cases, not included in the main exercise, and comparing the true answers with the
students’ own assessments immediately before beginning the exercise. When the results of the CAD system were used as
a further reference, the great majority of CTSs (95%) reached a level above the lower limit of the Az of the PG. There
was little difference in the variation of Az, however, from Exercise 2 when training was given. The reason for this is that
a few CTSs were unable to make effective use of the results of the CAD system.

Figure ] shows the performance of the CAD system as its specificity and sensitivity with regard to the entire body of
images for interpretation. It is impossible to measure from this figure alone whether or not there is any value to using the
results of the CAD system as a reference. Hypothetically, if the result of running the CAD system for each image of a
case were completely identical with that of the interpreter, the results of the CAD system would be of no use as a
reference for that interpreter, and the labor involved in referring to the system would be a waste of time. If the CAD
system has the ability to produce a result that complements the assessment of the interpreter, it may be of assistance’. In
other words, the effectiveness of using the results of a CAD system for reference increases in proportion to the number
of abnormalities the system detects {TP) that are missed by the interpreter (FN) and the number of abnormalities
mistakenly identified by the interpreter (FP) that are not detected by the CAD system(TIN).
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Figure.4 The data exhibited for the students (CTSs) before the Exercise 2 ; Cross point of two lines;
hypothetical CAD system, The cluster of circles at upper right ; expected value from combining an

each interpreter (CTS) with CAD system, the others’ points; the specificity & sensitivity data for each
interpreter (CTSs and the physician;P1).

The coefficient ¢ indicates the degree of complementarity between the interpreter and the CAD system varies hetween
—1 and +1. The closer ¢ approaches to -1 the stronger the complementarity between the interpreter and the CAD system
becomes, and combining the binary (0,1) assessments of both may be expected to raise their accuracy (specificity and
sensitivity). For this research, the designers of the exercises intentionally produced the results given by the CAD system
(0,1) for each CT image to obtain the expected values shown in Figure 4 (the cluster of circles at the upper right) in CTS
in Exercise 2 had a mean value of 0.17 for the CTS group for regions without abnormality, and a mean value of -0.02 for
regions with abnormality. This is, however, nothing more than a possibility. For a CAD system of reference to be useful
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