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ABSTRACT

We investigated the link between work style (i.e.
day work and shift work) and cigarette smoking
in Japanese workers. We used data of 3,238 men
(39.3 £ 10.5 years) and 5,111 women (37.1 £10.9
years), aged 20 - 59 years, by cross-sectional
clinical investigation study. Work style i.e. day
work and shift work, cigarette smoking, status
of stress and stress coping were obtained by
questionnaires by well-trained medical staff. A
total of 227 men (7.0%) and 339 women (6.6%)
were shift workers, and 1346 men (41.6%) and
649 women (12.7%) were current smokers. Work
style was significantly linked to cigarette smok-
ing, stress and stress coping after adjusting for
age in women. In addition, the level of stress
coping in subjects with cigarette smoking was
significantly lower than that in subjects without
cigarette smoking even after adjusting for age in
women. However, these associations were not
noted in men. Work style was critically associ-
ated with cigarette smoking in Japanese female
workers.

Keywords: Work Style; Shift Work; Cigarette
Smoking; Stress Coping

1. INTRODUCTION

Economic globalization needs continuous processing
or operations around the clock to optimize manufactur-
ing system. A 24-hour continuous operation system has
become more popular and shift workers have become
also more popular in Japan. Several reports have showed
that shift work is associated with coronary artery disease
[11, hyper cholesterolemia [2,3], weight gain [4] and
hypertension [5].
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Cigarette smoking is an important public health chal-
lenge, and it has been reported that 39.4% of men and
11.0% of women are current smokers in Japan [6].
Cigarette smoking is also a strong risk factor for athero-
sclerosis and cardiovascular disease in a dose-dependent
manner [7]. However, the link between work style such
as day work and shift work, and cigarette smoking in
Japanese workers still remains to be investigated.

Therefore, in this study, we evaluated the link be-
tween work style and cigarette smoking and the effect of
stress and stress coping on cigarette smoking in Japanese
workers.

2. SUBJECTS AND METHODS

2.1. Subjects

We used data for 3238 Japanese male workers (39.3 =
10.5 years) and 5111 women (37.1 + 10.9 years), retro-
spectively from a database of 16,380 subjects who met
the following criteria: 1) they had wanted to change their
lifestyle i.e. diet and exercise habits, and had received an
annual health check-up from June 1997 to Dec 2009 at
Okayama Southern Institute of Health, 2) received evalua-
tion of work style, cigarette smoking, status of stress and
stress coping as part of the annual health check-up, 3)
they were day workers and/or shift workers, aged 20 - 59
years, and 4) provided written informed consent (Table
1).

Ethical approval for the study was obtained from the
Ethical Committee of Okayama Health Foundation.

2.2. Work Style

Subjects completed a self-administered questionnaire.
This included the following question regarding patterns
of work style: During your working life, until the present,
what shift (time of day) did you work most: mainly day
time, mainly night (f.e. fixed-night shift), or alternate
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Table 1. Clinical profiles of enrolled subjects.

Men Women
Number of subjects 3238 511
Age 393+ 105 37.14109
Height (cm) 167058 1572+£54
Body weight (kg) 712+117 548+92
Body mass index (kg/m’) 246+37 222436
Abdominal circumference (cm) 83.9+102 703£92
Hip circumference (cm) 946+6.2 91.0+6.1
Mean * SD

night and daytime (that is, rotating-shift work)? In this
study, we excluded 65 male and 131 female night work-
ers to evaluate the influence of shift work on cigarette
smoking compare to day workers.

2.3. Exposure Data

The self-administered questionnaire also inquired
about other characteristics of smoking status (never or
current smoker), status of stress (yes or no) and stress
coping {yes or no).

2.4. Anthropometric Measurements

The anthropometric parameters were evaluated by us-
ing the following respective parameters such as height,
body weight, body mass index (BMI), abdominal cir-
cumference, hip circumference. BMI was calculated by
weight/[height]> (kg/m”). The abdominal circumference
was measured at the umbilical level and the hip was
measured at the widest circumference over the tro-
chanter in standing subjects after normal expiration [8].

2.5. Statistical Analysis

Data are expressed as mean + standard deviation (SD)
values. A comparison of parameters was performed by
» test and logistic regression analysis: p < 0.05 was con-
sidered to be statistically significant. Statistical analysis
was performed with StatView 5.0 (SAS Institute Inc.,
Cary, NC, USA).

3. RESULTS

A total of 227 men (7.0%) and 339 women (6.6%)
were shift workers, and the rate of shift workers was the
highest in 20’s in both sexes (Table 2).

Table 3 shows the comparison of cigarette smoking
as classified by age group. Current smokers were de-
creased with age in both sexes, and 1346 men (41.6%)
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and 649 women (12.7%) were current smokers.

We also evaluated the status of stress (Table 4). 2071
men (64.0%) and 3,735 women (73.1%) women an-
swered as having stress, and the rate of subjects with
having stress was the highest in 30’s in both sexes.
However, subjects with having stress coping was com-
parably lower [1539 men (47.5%) and 2730 women
(53.5%)] (Table 5). The rate of subjects with having
stress coping was the highest in 20’s in men and in 50°s
in women.

In addition, we evaluated the relationship between
work style and cigarette smoking, status of stress and
stress coping. In women, the rate of current smoker and
having stress was significantly higher in shift workers
than those in day workers after adjusting for age (Table
6). The rate of having stress coping in shift workers was
significantly higher than that in day workers after ad-
justing for age. In men, those clear associations were not
noted.

Finally, we investigated the relationship between
cigarette smoking and status of stress and stress coping
(Table 7). The rate of having stress coping in current
smokers was significantly lower than that in non smok-
ers even after adjusting for age in women, but not in men.
The relationship between cigarette smoking and status of
siress was not noted in both sexes.

4. DISCUSSION

We evaluated the link between work style and ciga-
rette smoking in Japanese workers and we found that
close associations between shift work and cigarette
smoking in female workers. In addition, having stress
coping might be important for Japanese female workers
for prohibiting smoking.

In some literatures, work style was closely associated
with cigarette smoking especially male workers. Fujino
et al. reported that the rate of current smoker was higher
in shift male workers (59.5%) than that in day male
workers (55.4%) in Japan Collaborative Cohort Study
for the Evaluation of Cancer Risk (JACC Study) [1].
Dochi er al. also reported that the rate of current smoker
was higher in shift workers (68.8%) than that in day
workers (58.8%) in male workers in steel company [2].
Suwazono et al. also showed that shift work was closely
associated with cigarette smoking in male workers [4].
There were few studies that evaluated the relationship
between shift work and cigarette smoking in Japanese
female workers. Kageyama et al. reported that the
prevalenve of current smoker was 29%, being higher
than that in the general population of Japanese women
by evaluating 522 Japanese female staff nurses [9]. In
this study, it is note worthy that we found the relation-
ship between work style and cigarette smoking in women
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even after adjusting for age. However, those associations associations might not be noted in men.

were not noted as previous study in men. Enrolled sub- According to the relation between work style and status
jects in this study were undertaken health check-up and of stress, 3-shift system of employment increases work-
they wanted to change their lifestyle. Therefore close related stress [10]. Parkes carried out cross-sectional

Table 2. Comparison of work style as classified by age group.

Men Women
Day work % Shift work % Day work Y% Shitt work %
20-29 661 90.4 70 9.6 1575 90.0 175 10.0
30-29 888 k 92.6 71 75 1135 93.5 79 6.5
40 -49 790 93.7 33 6.3 1207 95.3 59 4.7
50-59 672 95.3 33 4.7 855 97.0 26 30
Total 3011 93.0 227 7.0 4772 934 339 6.6

Table 3. Comparison of cigarette smoking as classified by age group.

Men Women
Cigarettc smoking (+) % Cigarette smoking () %  Cigarette smoking (+) %  Cigarette smoking (=) %
20-29 329 45.0 402 35.0 281 16.1 1469 83.9
30-29 413 43.1 546 56.9 179 14.7 1035 85.3
40-49 349 41.4 494 58.6 130 10.3 1136 89.7
50-359 255 36.2 450 63.8 59 6.7 822 93.3
Total 1346 41.6 1892 58.4 649 12.7 4462 87.3

Table 4. Comparison of stress as classified by age group.

Men Women
Stress (+) % Stress (—) % Stress (+) % Stress (—) %
20-29 443 60.6 288 394 1297 74.1 4353 259
30-29 645 67.3 314 32.7 925 76.2 289 23.8
40 - 49 566 67.1 277 329 910 71.9 356 28.1
50 - 59 417 59.1 288 409 603 68.4 278 316
Total 2071 64.0 1167 36.0 3735 73.1 1376 26.9

Table 5. Comparison of stress coping as classified by age group.

Men Women
Stress coping (+) % Stress coping (—) % Stress coping (+) % Stress coping (—) %
20-29 377 51.6 354 48.4 937 54.7 793 453
30-29 419 43.7 540 56.3 642 52.9 572 47.1
40-49 405 48.0 438 52.0 631 49.8 635 50.2
50-59 338 479 367 52.1 500 36.8 381 43.1
Total 1539 47.5 ‘ '1\699 525 2730 534 2381 46.6
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Table 6. Relationship between work style and cigarette smoking, stress and stress coping.

Men Cigarette smoking (+) Cigarette smoking (—) p p (After adjusting for age)
Day work 1248 1763
0.6113 0.7664
Shift work 98 129
Stress (+) Stress (—)
Day work 1924 1087
0.7950 0.8360
Shift work 147 80
Stress coping (+) Stress coping ()
Day work 1419 1592
0.0951 0.1054
Shift work 120 107
Women Cigarette smoking (+) Cigarette smoking (~)
Day work 574 4198
<0.0001 <0.0001
Shitt work 75 264
Stress (+) Stress ()
Day work 3444 1328
<0.0001 <0.0001
Shift work 291 48
Stress coping (+) Stress coping (~)
Day work 2505 2267
<0.0001 <0.0001
Shift work 225 114
Table 7. Relationship between cigarette smoking and stress, stress coping.
Men Stress (+) Stress (—) » p (After adjusting for age)
Cigarette smoking (+) 840 506
0.1208 0.1053
Cigarette smoking (=) 1231 661
Stress coping (+) Stress coping ()
Cigarette smoking (+) 602 744
0.0070 0.1054
Cigarette smoking (-) 937 955
Women Stress (+) Stress (—)
Cigarette smoking (+) 496 153
0.0396 0.0797
Cigarette smoking (~) 3239 1223
Stress coping (+) Stress coping (-)
Cigarette smoking (+) 321 328
0.0307 <0.0001
Cigarette smoking (~) 2409 2053

research targeting 736 two-shift workers and 1131 day
workers at an oil refinery, and concluded that the 2-shift
workers had higher job demand and less job control over
their work [11]. In female workers, Kageyama et al. re-
ported that the cigarette smoking-dependent tendency
was associated with recent life events and the presence
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of insomnia [9]. Stress is probably the most important
contributor to excess smoking levels [12]. American
study showed that officers who smoked experienced
high-stress levels more than twice that of non smokers
[13]. Therefore, stress coping may important for prohib-
iting cigarette smoking. Serxner et al. recommended that
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smoking cessation and prevention programs should fo-
cus on change in individual coping mechanisms [14].
We also found that the rate of stress in shift smokers was
higher than that in day workers and the rate of stress
coping was also higher in shift workers than that in day
workers after adjusting in women. Although the rate of
stress coping was higher in shift workers than that in day
workers, the rate of stress coping was significantly lower
than in current smokers than that in non smokers in
women. Taken together, it seems reasonable to suggest
that simply recommending proper stress coping except
cigarette smoking, might result in decreased cigarette
smoking in some Japanese female workers.

Potential limitations remain in this study. First, our
study was a cross sectional and not a longitudinal study.
Second, the 3238 Japancse male workers and 5111
women, all of whom wanted to change their lifestyle,
underwent measurements for this study: they were there-
fore more health-conscious than the average person. In
fact, in men, clear associations were not noted the rela-
tionship between shift work and cigarette smoking as
previous studies {1,2.4]. Third, we could not obtain the
data of the average number of cigarettes smoked per day
or subject” age when they started smoking. Subjects who
smoked before the date of the analysis but who had
stopped by then would have therefore been categorized
as non-smokers. Fourth, status of stress and stress coping
was evaluated by simple questionnaire (yes or no).
Therefore, further prospective studies are needed in Jap-
anese workers to prove the link between work style and
cigarette smoking.
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ung cancer has the highest mortality rate of all cancers
in Japan. Early detection is necessary to improve the
prognosis of this disease. For this reason, several lung
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cancer screening programs have been conducted (1-3). The
modalities used for lung cancer screening include chest
x-ray, sputum cytology, low-dose x-ray helical computed
tomographic (CT) imaging, and multisice CT (MSCT)
imaging (2). Compared to other modalities, CT imaging
excels in the imaging of the lungs; therefore, several programs
have adopted CT imaging as the modality of choice for lung
cancer screening (4). Recently, Henschke and Yankelevitz (5)
provided an update of CT screening for lung cancer in 2007.
This update summarizes the diagnostic and prognostic
measures available for screening trials to date.

Henschke et al (6) also reported the baseline findings from
the Early Lung Cancer Action Project, in which low-dose
helical CT scans were performed using 10-mm slice thickness.
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INFLUENCE OF SLICE THICKNESS ON DIAGNOSIS

Currently, baseline and repeat screenings are being performed
using MSCT scanners with 1.25-mm slice thickness (7). More-
over, Swensen et al (8) reported lung cancer CT screening using
5-mm slice thickness, and images with slice thicknesses of 1 to 3
mm are currently being used at the Mayo Clinic.

In Japan, low-dose helical CT screening was introduced by
the Anti-Lung Cancer Association in 1993, and MSCT
screening was started in 2002 (9). One study performed 3457
low-dose helical CT examinations using 10-mm slice thickness
(3). From 1996 to 1998, Sone et al (2) performed population-
based annual lung cancer screening using low-dose helical CT
scanning with 10-mm slice thickness; these investigators are
currently using 5-mm slice thickness. From 2001 to 2002,
Nawa et al (10) reported the results of CT screening performed
on 7956 participants who belonged to the Hitachi Employees’
Health Insurance Group using 10-mm slice thickness; these
investigators are currently using 5-mm slice thickness. In
2004, the Research Center for Cancer Prevention and
Screening of the National Cancer Center began to use
MSCT screening with 2-mm and a 5-mm slice thicknesses
(9). Until now, no standard slice thickness has been set, and
each institution uses a slice thickness ranging from 1 to 10 mm.

In 2005, MacMahon et al (11) reported recommendations
for the management of small pulmonary nodules detected on
CT scans, with reference to a statement from the Fleischner
Society. The Anti~-Lung Cancer Association followed certain
qualitative criteria for diagnosis using lung cancer CT screening
with 10-mm slice thickness (1). The Japanese Society of CT
Screening (12) subsequently quantified these criteria.

Thick-section images (10-mm slice thickness) were initially
used, while thin-section images are mostly used at present. To
date, only a few studies have documented the influence of slice
thickness on the diagnosis of pulmonary nodules (13-16).

In this study, we assessed the influence of 2-mm slice thick-
ness (thin section) and 10-mm slice thickness (thick section) on
the ability of radiologists to detect or not detect nodules and to
agree or disagree on the diagnosis and investigated the potential
dependence of these relations on the sizes, average CT values,
and locations of the nodules. The detection or nondetection of
nodules for further examination (NFEs) and inactive nodules
for no further examination (INNFEs) were influenced by
nodule size and average CT value. Agreement and
disagreement regarding NFE and INNFE diagnoses were
influenced not only by the nodule size and average CT value
but also, importantly, by the locations of the nodules.

MATERIALS AND METHODS

This retrospective study was approved by the institutional
review board; the requirement for patient informed consent
was waived.

MSCT Images

Lung cancer MSCT screening was conducted in 360 consecu-
tive participants (236 men, 124 women) at the Tochigi Public

Health Service Association between September 2000 and
September 2001. Of this number, four cases of lung cancer
were diagnosed. The mean ages of the subjects were 53.6 years
(range, 28—76 years) for men and 52.4 years (range, 35—75 years)
forwomen. The CT scanner used for the screening was a Toshiba
Aquilion (Toshiba Medical Systems, Inc, Otawara, Japan), and
the scanning parameters were 120 kV, 30 mA, 0.5-second scan-
ning time, 2mm X 4, and a helical pitch of 5.5. A tube current of
30 mA results in a low dose of radiation to the patient. Using
these parameters, the effective dose was calculated using effective
dose calculation software, a combination of NRPB2501 and the
ImPACT CT Patient Dosimetry Calcualator 2 (17,18). The
effective dose was 0.71 mSv, and lung dose was 1.8 mSv. Two
kinds of reconstruction images were created: 2-mm slice
thickness and a 2-mm reconstruction interval, and 10-mm
slice thickness and a 10-mm reconstruction interval. The
reconstruction function was FC10, the pixel size was 0.5 to
0.686 mm, and the pixel image size was 512 X 512.

Qualitative Diagnostic Readings

Diagnostic readings were made by six radiologists (H.O., R .K.,
T.T., M. Kusumoto, K.E., and M. Kaneko), each with 19 to 28
years of experience in the diagnostic field and about 16 years of
experience with CT screening. The display conditions for the
diagnostic readings were a window of 1500 Hounsfield units
and a window level of —500 HU. The images were displayed
ona Totoku CCL 316 flat-panel 24-bit color monitor (Totoku
Corporation, Tokyo, Japan) with 2048 x 1536 resolution. The
main objective of the diagnostic reading was to classify the
nodules into three categories. The diagnostic reading criteria
for each of these categories are shown in Table 1 (12). For
NEEs, further examinations were usually performed using
follow-up CT imaging, magnified CT images, dynamic
contrast-enhanced CT imaging, positron emission tomog-
raphy, and/or biopsy. For INNFEs, the nodules were reex-
amined during subsequent screening examinations.

The 2-mm and 10-mm slice thickness images were given to
the radiologists for a double diagnostic reading, consisting of
an individual reading and a group consensus reading. For
the individual reading, the six radiologists were given the 2-
mm and 10-mm slice thickness images obtained from 360
subjects. Each radiologist was allotted 60 CT examinations
of 2-mm slice thickness and 60 CT examinations of 10-mm
slice thickness. The CT examinations were distributed in
such a way that each radiologist would not read the 2-mm
and the 10-mm slice thickness images from the same subject.
For the group consensus readings, the radiologists were
grouped into two groups of three radiologists each. Each
member of the group reevaluated his own diagnosis of the
2-mm and 10-mm slice thickness images. The results of the
group consensus were regarded as the final diagnoses.

Cross-tabulation of Diagnosed Nodules

The radiologists’ actual diagnoses using the 2-mm and 10-mm
slice thickness images were cross-tabulated. On the basis of the

595

173



SINSUAT ET AL

Academic Radiology, Vol 18, No 5, May 2011

A nodule >3 mm in diameter
A nodule characterized as

1. Nodule for further examination
o Suspected lung cancer
o Suspected disease other than lung cancer such as
tuberculosis, inflammation, scar, and granuloma
2. Inactive nodule for no further examination

o With areas of opacification with calcification
» With multiple lesions confined to the same segment
« With a polygonal shape
o With linear shadows of focally collapsed lung
3. No abnormality
o Diagnosed as normal

cross-tabulation results, the pulmonary nodules were classified
into four groups: nodules with the same diagnosis for the
2-mm and the 10-mm slice thickness images, nodules with
different diagnoses for the 2-mm and the 10-mm slice thick-
ness images, nodules that were missed on the 10-mm slice
thickness images, and nodules that were misinterpreted on
the 10-mm slice thickness images.

Nodule Detection and Nondetection and Diagnostic
Agreement and Disagreement

Using the cross-tabulation results, nodule detection and diag-
nostic agreement were analyzed. Detection was regarded as
nodules that were detected using the 10-mm slice thickness
images among the nodules that were detected using the
2-mm slice thickness images. Nondetection was regarded as
nodules that were detected using the 2-mm slice thickness
images but not using the 10-mm slice thickness images.
Agreement was regarded as nodules of the same diagnoses
for both the 2-mm and 10-mm slice thickness images.
Disagreement was regarded as nodules of different diagnoses
for the 2-mm and 10-mm slice thickness images.

Quantitative Analysis of Diagnosed Nodule Features
and Locations

We performed a quantitative evaluation of the nodules using
2-mm slice thickness images. To measure the size and average
CT values, a semiautomated extraction procedure was carried
out, The semiautomated extraction was performed using the
following procedures. Three cross-sectional images (trans-
verse, coronal, and sagittal) were simultaneously observed at
an interactively selected location. These images were dis-
played with a window level of —500 HU and a window width
of 1500 HU, the same conditions as those used for the diag-
nostic readings. The lung volume extraction was automati-
cally performed. The background bias included in the lung
area was corrected (19). The nodule volumes were segmented
using a single fixed-threshold approach and a three-
dimensional connected component analysis. Attachments to
the nodule volume, such as vessels or bronchioles, were
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removed using a three-dimensional morphologic opening
operation. The consistency of the segmentation results was
visually inspected by the operators (Y.K. and N.N., with 15
and 20 years of experience with chest image analysis, respec-
tively). If any of the nodule segmentation results were consid-
ered suboptimal, the nodule contours were superimposed on
the original images and interactively corrected by the opera-
tors. Two different cases require interactive correction: (1)
nodules needing a change in the selected threshold value to
contain a nonsolid region with a lower value than the
threshold value and (2) nodules needing manual separation
from the surrounding structures, such as the pleura, medias-
tinum, or diaphragm (20). The size was defined as the average
length and width of the nodule on the transverse image with
the largest cross-sectional area, and the average CT value was
calculated for the largest cross-sectional area. We also deter-
mined the location in the lung lobe using the lung lobe clas-
sification algorithm developed in our laboratory. Algorithms
for lung lobe classification and the measurement of the
distance from the lung border are shown in Figure 1 (21,22).

The 2-mm slice thickness images of nodules located within
3 mm of the lung border are shown in Figure 2.

Statistical Analysis

A multivariate logistic regression analysis was performed to
control for confounding parameters associated with detection
or nondetection and diagnostic agreement or disagreement.
We used size, average CT value, location in the lung lobe,
and distance from the lung border as parameters. The good-
ness of fit for the model was assessed by using the Hosmer-
Lemeshow test (23). The analysis was performed for the
NEFE and INNFE diagnoses using the 2-mm slice thickness
results. The data were entered into R version 2.10.1 (The
R Project for Statistical Computing, Vienna, Austria), and
differences with P values < .05 were regarded as significant.

RESULTS
Diagnostic Reading and Nodule Groupings

We performed a cross-tabulation of the physicians’ actual
diagnoses using the 2-mm and 10-mm slice thickness images
of the pulmonary nodules, as shown in Table 2. Of the total
number of NFEs, four cases of lung cancer (3% and 2.8%)
were diagnosed on both the 2-mm and the 10-mm slice thick-
ness images, respectively. The number of nodules diagnosed
using the 2-mm slice thickness images was 11% higher, but
the number of NFE diagnoses was 8% lower than the number
of nodules diagnosed using the 10-mm slice thickness images.
Using the cross-tabulation results, the nodules were classified
into four groups, as shown in Table 3.

Quantitative Analysis

Figure 3 shows images from the first group of diagnosed
nodules: (1) four lung cancer cases, depicted as NFEs, and
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Figure 1. Algorithms for lung lobe classification (a) and measurement of distance from the lung border (b).

(2) four INNFEs. Figure 4a shows a scatterplot of the average Figure 6 shows images of nodules that were missed on the
CT values and sizes of the 2-mm NFE, 10-mm NFE nodules 10-mm slice thickness images: (1) 2-mm NFE, 10-mm no
and the 2-mm INNFE, 10-mm INNFE nodules. On the scat- abnormality (NA) nodules and (2) 2-mm INNFE, 10-mm
terplot, the vertical line denotes the minimum average CT ~ NA nodules. Figure 4c shows a scatterplot of the average
value (—820 HU), and the horizontal line denotes the CT values and sizes; the 2-mm NFE, 10-mm NA nodules
minimum nodular size of 2.5 mm. The 2-mm NFE,  werefoundabove the demarcation line except for one nodule,
10-mm NFE nodules and the 2-mm INNFE, 10-mm INNFE  and all of these lesions had low average CT values and small
nodules are differentiated by the demarcation line shown on  sizes, while the 2-mm INNFE, 10-mm NA nodules were
the scatterplot. found mostly below the demarcation line.

Figure 5 shows images of nodules with different diagnoses The nodules that were misinterpreted on the 10-mm slice
for the 2-mm and 10-mm slice thickness images: (1) 2-mm thickness images were the 2-mm NA, 10-mm NFE nodules
NFE, 10-mm INNFE nodules and (2) 2-mm INNFE, and the 2-mm NA, 10-mm INNFE nodules. In these cases,
10-mm NFE nodules. Figure 4b shows a scatterplot of the  blood vessels were misinterpreted as nodules on the 10-mm
average CT values and sizes; both the 2-mm NFE, 10-mm slice thickness images.

INNFE nodules and the 2-mm INNEFE, 10-mm NFE Of a total of 537 nodules, 186, 33, 107, 105, and 106
nodules were clustered above the demarcation line, although ~ nodules were located in the right upper lobe, right middle
some 2-mm INNFE, 10-mm NFE nodules were found below lobe, right lower lobe, left upper lobe, and left lower
or near the demarcation line. lobe, respectively. These findings indicate that 35% of
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Figure 2. Images of nodules located within 3
mm of the lung border. (a) A 2-mm NFE, 10-
mm INNFE nodule in the right middle lobe at
a distance of 3.1 mm from the lung border. (b)
A 2-mm NFE, 10-mm INNFE nodule located in
the left lower lobe at a distance of 2.5 mm
from the lung border. (c) A 2-mm NFE, 10-mm
INNFE nodule located in the right lower lobe at
a distance of 1.3 mm from the lung border. (d)
A 2-mm INNFE, 10-mm NFE nodule located in
the right lower lobe in direct contact with the
lung border. INNFE, inactive nodule for no
further examination; NFE, nodule for further
examination.

Diagnosis Using 10-mm Slice Thickness

Diagnosis Using 2-mm Slice Thickness NFE INNFE NA Total
NFE ‘ 74 46 10 130
INNFE 67 289 47 403
NA 1 3 — 4
Total 142 338 57 537

INNFE, inactive nodule for no further examination; NA, no abnormality; NFE, nodule for further examination.

B

Nodule Group

1. Nodule with the same diagnoses for the 2-mm and 10-mm slice

thickness images
2. Nodules with different diagnoses for the 2-mm and 10-mm slice

thickness images
3. Nodules that were missed on the 10-mm slice thickness images

4. Nodules that were misinterpreted on the 10-mm slice thickness images

Diagnoses Number of Nodules (%)
2 mm NFE, 10 mm NFE 74 (13.8)
2 mm INNFE, 10 mm INNFE 289 (53.8)
2 mm NFE, 10 mm INNFE 46 (8.6)
2 mm INNFE, 10 mm NFE 67 (12.5)
2 mm NFE, 10 mm NA 10(1.9)
2 mm INNFE, 10 mm NA 47 (8.7)
2 mm NA, 10 mm NFE 1(0.2)
2 mm NA, 10 mm INNFE 3(0.6)

INNFE, inactive nodule for no further examination; NA, no abnormality; NFE, nodule for further examination.

the nodules were found in the right upper lobe. Overall,  Statistical Analysis

305, 27, 23, and 182 nodules were located =3, >3 to 4,
>4 to 5, and >5 mm from the lung border, respectively.
Thus, 57% of the nodules were =3 mm from the lung
border.
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The multivariate logistic regression analysis results presented
in Table 4 show that a size of >5 mm (odds ratio [OR],
132.50; 95% confidence interval [CI], 14.77—4711), relative
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Figure 3. Nodules with the same diagnosis using 2-mm slice thickness and 10-mm slice thickness images: (a) four jung cancer cases with
adiagnosis of 2-mm NFE, 10-mm NFE nodules; (b} four cases with a diagnosis of 2-mm INNFE, 10-mm INNFE nodules. INNFE, inactive nodule

for no further examination; NFE, nodule for further examination.

to a size of =5 mm, and an average CT value of >~700 HU
(OR, 27.20; 95% CI, 3.21-645.3), relative to a value of
=-700 HU, were factors that influenced the detection and
nondetection of NFEs. Because of insufficient data, the effect
of the location within the lung lobes was not computed. For
the INNFE diagnoses shown in Table 5, a size range of 5 mm
could not be computed because of an unbalanced distribution
of detected and nondetected nodules (=5 mm, 246 and 47,
and >5 mm, 100 and 0, respectively); thus, the size range
was changed to 4 mm. A size of >4 mm (OR, 16.10; 95%
CI, 6.18-55.19), relative to a size of =4 mm, and an average
CT value of >—700 HU (OR, 7.67; 95% ClI, 2.19-30.91),
relative to a value of =—700 HU, were factors that influenced
the detection and nondetection of INNFEs.

Table 6 shows that a nodule size of >5 mm (OR, 3.60; 95%
CI, 1.29-11.04), relative to a size of =5 mm, and a distance
from the lung border of >3 mm (OR, 2.85; 95% CI, 1.27—
6.65), relative to a distance of =3 mm, were factors that influ-
enced the diagnostic agreement and disagreement for the
NEE diagnoses. A significant association was also shown for

177

nodules located in the right upper lobe (OR, 0.07; 95% CI,
0.003~0.48), relative to nodules located in the right middle
lobe. As shown in Table 7, an average CT value of >—700
HU (OR, 11.84; 95% CI, 3.33—55.86), relative to a value
of =—700 HU, influenced the diagnostic agreement and
disagreement for the INNFE diagnoses. A significant influ-
ence was also observed for a nodule size of >5 mm (OR,
0.42; 95% CI, 0.25—0.70), relative to a nodule size of <5
mm, and a distance from the lung border of >3 mm (OR,
0.41; 95% CI, 0.25~0.66), relative to a distance of =3 mm.

DISCUSSION

‘We hypothesized that the features and locations of nodules
influence the ability of radiologists to detect or not detect
nodules and to agree or disagree on the diagnosis. The results
of the qualitative diagnosis of six radiologists was quantita-
tively analyzed to determine the influence of slice thickness
(thin and thick sections) using features (sizes and average
CT values) and locations (lung lobe location and distance
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Figure 4. Scatterplot showing the average computed tomographic value (Hounsfield units} and nodutlar size (mm). (@) nodules with the same
diagnosis using 2-mm and 10-mm slice thickness images. (b) nodules with different diagnoses using 2-mm and 10-mm slice thickness images.

(c) nodules missed on 10-mm slice thickness images.

from the lung border) of nodules. Thick-section images with
10-mm slice thickness were initially used, but thin-section
images are mostly used at present. We selected a 10-mm slice
thickness for the thick sections and a 2-mm slice thickness for
the thin sections.

For detection and nondetection, of the total number of
2-mm NFE diagnoses, 92% were diagnosed as 10-mm
NFEs or 10-mm INNFEs. Furthermore, of the total number
of 2-mm INNFE diagnoses, 88% were diagnosed as 10-mm
INNFEs or 10-mm NFEs. A multivariate logistic regression
analysis showed that the average CT value and nodule size
of both the NFE diagnoses and the INNFE diagnoses were
statistically significant. The OR suggested that size is more
significant compared to the average CT value for the
detection or nondetection of NFEs and INNFEs. The nodule
locations in the lung lobes and the distance from the lung
border were not statistically significant.

Regarding diagnostic agreement and disagreement, of the
total number of 2-mm NFEs, 57% were diagnosed as 10-
mm NFEs. Also, of the total number of 2-mm INNFEs,
72% were diagnosed as 10-mm INNFEs. The multivariate

600

178

regression analysis showed that for the NFE diagnoses, the
nodule size, a nodule location in the right upper lobe
(compared to the right middle lobe), and the distance from
the lung border were statistically significant. The OR indi-
cated that agreement or disagreement is more likely higher
on NFEs with larger size, those located farther from the
lung border, and those located in the right upper lobe in
comparison to the right middle lobe. The OR indicated
that a location in the right upper lobe, compared to the right
middle lobe, was the most significant factor. Of the total
number of nodules, 57% were =3 mm from the lung border,
and 35% were found in the right upper lobe. The high
percentages show the importance of these factors as influence
of slice thickness for diagnosis.

For the INNFE diagnoses, the average CT value, nodule
size, and distance from the lung border were statistically signif-
icant. Agreement and disagreement on the diagnosis was
higher for INNFEs with smaller sizes, higher average CT
values, and locations closer to the lung border. The OR indi-
cated that the average CT value is the most significant among
these factors.
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Figure 5. Nodules with different diagnoses using 2-mm slice thickness and 10-mm slice thickness images: (a) nodules diagnosed as 2-mm
NFE, 10-mm INNFE; (b) nodules diagnosed as 2-mm INNFE, 10-mm NFE. INNFE, inactive nodule for no further examination; NFE, nodule for

further examination.

b.

Figure 6. Nodules missed on 10-mm slice thickness images: (a) nodules diagnosed as 2-mm NFE, 10-mm NA; (b) nodules diagnosed as 2-
mm INNFE, 10-mm NA. INNFE, inactive nodule for no further examination; NA, no abnormality.

Naidich et al (13) evaluated the factors determining the
accuracy of CT imaging for identifying pulmonary nodules.
The method consisted of computer-generated nodules on
specific portion of the lung that were superimposed on
normal CT scans and interpreted by three chest radiologists.
Their result revealed that slice thickness, size, nodule location,
angiocentricity, and density made a significant contribution in
identifying nodules. This was one of the earliest studies
dealing with the assessment of the factors affecting pulmonary
nodule detection in relation to CT scans. We used actual
nodules of the whole lung for evaluation. A study by Fisch-
bach et al (14) analyzed the interpretations of images of the
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whole lung according to nodule size and diagnostic confi-
dence made by two radiologists using normal-dose CT images
of 100 patients. Their results demonstrated an improvement of
small nodule detection and confidence levels. Other features
and location of nodules that were important factors for diag-
nosis were not evaluated.

Our study had some limitations. Regarding agreement and
disagreement on the diagnosis, the size, average CT value,
lung lobe location, and distance from the lung border influ-
enced the NFE and INNFE diagnoses. Other factors, such
as nodular shape, surrounding background, and so on, should
also be investigated and in future research (24). To prevent
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Parameter Detected Nondetected OR 95% Cl P
CT value (HU)
=-700 16 6 1.00 Reference —_
>—700 104 4 27.20 3.21-645.3 .0085
Size (mm)
=5 14 9 1.00 Reference —_
>5 106 1 132.50 14.77-4711 .0040
Location*
Left lower lobe 26 1 — — —
Left upper lobe 19 3 —_ —_ —
Right lower lobe 31 0 — f— —
Right middle lobe 12 0 —_ — —
Right upper lobe 32 6 — — —
Distance from lung border (mm)
=3 59 6 1.00 Reference _
>3 61 4 7.67 0.95-173.88 .0965

Hosmer-Lemeshow test = 0.7076, df = 2, P = .7022.
Cl, confidence interval; CT, computed tomographic; HU, Hounsfield units; NFE, nodule for further examination; OR, odds ratio.
*Lung lobe locations for NFEs were not computed, because of insufficient data.

Parameter Detected Nondetected OR 95% Cl P
CT value (HU)
=-700 5 8 1.00 Reference —_
>—700 351 39 7.67 2.19-30.91 .0020
Size (mm)*
=4 132 43 1.00 Reference _
>4 224 4 16.10 6.18-55.19 <.0001
Location
Left lower lobe 69 6 0.30 0.01-2.22 3128
Left upper lobe 68 16 0.12 0.0058-0.74 3916
Right lower lobe 70 6 0.23 0.01-1.75 .0598
Right middle lobe 20 1 1.00 Reference —_—
Right upper lobe 129 18 0.17 0.008-1.06 1163
Distance from lung border (mm)
=3 212 28 1.00 Reference —_
>3 144 19 0.89 0.43-1.85 7579

Hosmer-Lemeshow test = 0.2309, df = 2, P = .8910.

Cl, confidence interval; CT, computed tomographic; HU, Hounsfield units; INNFE, inactive nodule for no further examination; OR, odds ratio.
*The size for INNFE diagnoses was set to 4 mm because of the unbalanced distribution of detected and nondetected nodules for a 5-mm

range.

human error in diagnostic reading, a double reading of the
images was performed; nevertheless, some errors might still
have occurred. Screening data for 360 participants were
used for the present analysis, but this study population might
not be sufficiently large to make generalizations, particularly
regarding the influence of locations within the lung lobes
on the detection or nondetection of NFEs. A lack of cancer
cannot be assumed in regions with nodules diagnosed as
2-mm INNFE, 10-mm INNFE nodules. Further research
using a larger data set, however, might enable the diagnosis
of very early stage cancer, such as squamous cell carcinoma
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or small cell carcinoma, in regions with 2-mm INNFE,
10-mm INNFE nodules.

CONCLUSIONS

The influence of slice thickness on the ability of radiologists to
detect or not detect nodules and to agree or disagree on the
diagnosis was quantitatively evaluated. The detection and
nondetection of NFEs and INNFEs are influenced by size
and average CT value. The agreement and disagreement on
NEFE and INNEFE diagnoses are influenced not only by size
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Parameter Agree Disagree OR 95% Cl P
CT value (HU)
=-700 10 12 1.00 Reference —_—
>-700 64 44 1.17 0.40-3.38 .7693
Size (mm)
=5 7 16 1.00 Reference —_
>5 67 40 3.60 1.29-11.04 0177
Location
Left lower lobe 19 8 0.26 0.01-1.84 .2400
Left upper lobe 9 13 0.12 0.005-0.86 .0698
Right lower lobe 19 12 0.18 0.009-1.17 .1286
Right middle lobe 11 1 1.00 Reference —
Right upper lobe 16 22 0.07 0.003-0.477 .0210
Distance from lung border (mm)
=3 30 35 1.00 Reference _—
>3 44 21 2.85 1.27-6.65 0125

Hosmer-Lemeshow test = 4.9741, df = 8, P = .7603.

Cl, confidence interval; CT, computed tomographic; HU, Hounsfield units; NFE, nodule for further examination; OR, odds ratio.

95% Cl

Parameters Agree Disagree OR P
CT value (HU)
=-700 3 10 1.00 Reference _—
>-700 286 104 11.84 3.33-55.86 .0003
Size (mm)
=5 229 74 1.00 Reference —_—
>5 60 40 0.42 0.24-0.70 .0009
Location
Left lower lobe 61 14 0.84 0.22-2.80 .7800
Left upper lobe 52 32 0.33 0.09-1.02 .0600
Right lower lobe 51 25 0.54 0.17-1.88 3119
Right middle lobe 16 5 1.00 Reference —_
Right upper lobe 109 38 0.62 0.17-1.88 4307
Distance from lung border (mm)
=3 189 51 1.00 Reference —_
>3 100 63 0.41 0.25-0.66 .0002

Hosmer-Lemeshow test = 5.7330, df = 4, P = .2200.

Cl, confidence interval; CT, computed tomographic; HU, Hounsfield units; INNFE, inactive nodule for no further examination; OR, odds ratio.

and average CT value but also, importantly, by the locations of

nodules.
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ABSTRACT

With the development of multi-slice CT technology, to obtain an accurate 3D image of lung field in a short time is
possible. To support that, a lot of image processing methods need to be developed. In clinical setting for diagnosis of
lung cancer, it is important to study and analyse lung structure. Therefore, classification of lung lobe provides useful
information for lung cancer analysis. In this report, we describe algorithm which classify lungs into lung lobes for lung
disease cases from multi-slice CT images. The classification algorithm of lung lobes is efficiently carried out using
information of lung blood vessel, bronchus, and interlobar fissure. Applying the classification algorithms to multi-slice
CT images of 20 normal cases and 5 lung disease cases, we demonstrate the usefulness of the proposed algorithms.
Keywords: multi-slice CT, detection, lung lobe

1. INTRODUCTION

With the development of multi-slice CT technology, to obtain an accurate 3D image of lung field in a short time is
possible. To support that, a lot of image processing methods need to be developed.

In clinical setting for diagnosis of lung cancer, it is important to study and analyse lung structure, so we developed lung
structural analysis system from multi-slice CT images. But our system can't analyse lung disease cases. For diagnosis of
lung cancer, lung structural analysis system that can analyse lung disease cases is needed.

In analysis of lung structure, classification of lung lobe provide useful information for preoperative diagnosis of lung
transplant from living donors. Classification of lung lobe method was studied many methods[1}-[5]. Extraction of
interlobar fissure is important for classification of lung lobe. Interlobar fissure has low density and low contrast on CT
images. Therefore, extraction of interlobar fissure for lung disease cases is so difficult. In this report, we describe
algorithm which classify lungs into lung lobes for normal cases and lung disease cases from multi-slice CT images using
4D curvature.

2. MATERIALS AND METHODS

Medical Imaging 2011: Computer-Aided Diagnosis, edited by Ronald M. Summers, Bram van Ginneken,
Proc. of SPIE Vol. 7963, 796331 - © 2011 SPIE - CCC code: 0277-786X/11/$18 - doi: 10.1117/12.877997
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2.1 Multi-slice CT data
Our multi-slice CT data are acquired with Toshiba Aquilion. Scan conditions of datasets are shown in Table.1. These 3D

images are composed of diaphragm from apex of lung.

Table.1 Scan conditions of normal cases and lung disease cases.

Normal Cases Lung disease cases
X-ray tube voltage [kV] 120 120
X-ray tube current [mA] 100-500 Auto
Slice thickness [mm] 1.0 05,10
Reconstruction interval [mm] 1.0 0.5,1.0
Image size [pixels] 0.647 0.625, 0.683
Pixel spacing [mm] 512x512 512x512
The number of cases 20 5

2.2 Segmentation of thoracic organs
Classification algorithm of lung lobe is described as follows.

2.2.1 Extraction of bronchi, lung field, and pulmonary blood vessel
We extract bronchi using region growing method. We extract lung field and blood vessel using threshold processing.

2.2.2 Classification of lobar bronchi
The space of lobar bronchi is made consists of bronchial branch points of 50 training data . We classify lobar bronchi

using the space of lobar bronchi.

2.2.3 Classification lung lobe using Iobar bronchi and pulmonary blood vessel
Construction of each space of lobar blood using Delaunay method. The points which are in equal distance from each

space of lobar blood vessel are set to boundary, and we classify lung lobe.

2.2.4 Extraction of interlobar fissure

The method of Extraction of interlobar fissure is described as follows.
step1: Extraction of interlobar fissure's candidate area using 4D curvature.
Mathematical formulas for calculation of 4D curvature are as follows.

AR A

F=| . Wf° SL
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fo Sy [a
=1y 1, 1 @

fo Sy e
D=1+(f2+ £+ 1)) 3)
W=F"F, 4

A A partial differential, ; Fs T Fos Sros o 2FE second order partial differential, Eigenvalues of W are

principal curvatures of 4D curvature. Eigenvectors of W are directional vectors of principal curvatures of 4D curvature.
We extract interlobar fissure's candidate area from maximum principal curvature of 4D curvature by threshold

processing.
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Figure 1. Original image (left), and maximum principal curvature of 4D curvature (right).

step2: Surface analysis

The method of surface analysis is described as follows.

(1) Calculation of 3D digital topology

We apply surface thinning interlobar fissure's candidate area. So we calculate 3D digital topology[7]. Arc points are
removed. Calculation of normal vector on inner point of surface is obtained by average of directional vectors of
maximum principal curvature around inner points of surface.

(2) Classification of surface

The Classification of surface is described as follows

a) Searching for junction point of surfaces. '

b) Searching initial point from inner points of surface around junction point of surfaces. We make a peculiar label.

c) Labeling initial point. And Labeling an inner point of surface around initial point when an angle of a normal vector of
an inner point of surface around initial point and a normal vector of initial point is small.

d) Initial point move to labeled point by ¢). We repeat c) till labeling is not possible.

e) We repeat a) to d) till we locate for all junction points.

f) Labeled surfaces are applied average of normal vector.

(3) Grouping of surfaces

Labeled surfaces that connect same junction point of surfaces are grouped when an angle of average of normal vectors is
small.

Figure 2. Before grouping (Le), and after grouping (right).
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step3: Extraction of interlobar fissure
Surfaces of the same group are removed when number of voxels that are surfaces of the same group is small. Each

closely attached groups are unified.

2.2.5 Classification of lung lobe using lobar bronchi, lung blood vessel, and interlobar fissure vessel
Adjustment around boundary of classified lung lobe using interlobar fissure.

3. EXPERIMENTAL RESULTS

We applied the classification algorithms of lung lobe to multi-slice CT images of 20 normal cases and 5 lung disease
cases. To evaluate the accuracy of the classified lung lobe, we examined the agreement rate with the manual marking
data. The average agreement rates of lung lobe for normal cases and disease cases were shown in Table2. Classification
result of lung lobe for disease cases was shown in Figures.
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Figure4. Extraction result of interlobar fissure. (a),(b)Normal cases. (c),(d)Disease cases.
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