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Sumrnary

Although the prevention of habituation-related diseases has become an important topic in Japan, the early
detection of cancers such as Jung, gasiric, and breast cancers is an important issue for x-ray-related imaging
modalities. High cost-benefit and cost-effectiveness are necessary to perform mass screenings such as those
for lung cancer. In order to assess cost-benefit and cost-effectiveness, a toial of 100 institutions nationwide
were investigated, with a 41% of recovery rate. There were at least one or two instituiions in each prefecture,
Cost-benefit analysis was based on factors including the price of the medical check-up vehicle, its service life.
and income from the examinations. The mean price of medical check-up vehicles used for chest X-ray exami-
nations was 4,445,000 ven. Cost-effecriveness analysis was based on the expense incurred 1o discover one
lung cancer. According 10 our research, the cost-effectiveness involved in detecting one lung cancer by con-
ventional chest X-ray examination was about 2,270,167 yen/person. Since this amount seems unduly high, it
is necessary o improve cost-effectiveness.

Key words:  Preventive medicine, X-ray medical checkup vehicle, Cose-effectiveness, Cost-benefit analvsis
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Clinical Evaluation of Pulmonary Nodules with Dual-exposure Dual-energy

Subtraction Chest Radiography

Masahiko Uemura,! Masao Miyagawa,' Yoshifumi Yasuhara,® Tadashi Murakami,!
Hirohiko Ikura,’ Kana Sakamoto,! Hiroyuki Tagashira,’
Kenji Arakawa,' and Teruhito Mochizuki’

Purpose: The purpose of this study was to assess the effect of dual-exposme dual-energy
(DE) subtraction chest radiography with flat-panel detector.

Materials and Methods: One hundred patients underwent dual-exposure DE subtraction chest
radiography and chest CT for evaluation of pulmonary nodules. Fifty-two patients with
pulmonary nodules and 48 patients with normal lungs were selected for receiver operating
characteristic {(ROC) curve analysis. Ten radiologists who were unaware of the CT results
evaluated chest radiography alone and chest radiography with DE subtraction images in the
detection of pulmonary nodules. For each radiologist, we calculated the areas under the ROC
curve (Az) for chest radiography alone and chest radiography with DE subtraction images.
Results: The average detectability of dual-exposure DE subtraction chest radiography was
statistically significantly higher than that of chest radiography without subtraction images
(mean Az value increased from 0.784 1o 0.815, p<0.001).

Conclusion: Dual-sxposure DE subtraction chest radiography improves diagnostic accuracy
of pulmonary nodules.

Key words: dingnostic radiology. chest radiograply. dual-enerey subtraction, pulmonary nodule
Y £ 2y g g

INTRODUCTION

C HEST RADIOGRAPHY STILL REPRESENTS THE MOST
common tool in diagnostic radiclogy due to its low
cost, Jow dose. and simple implementation. However. it
has been shown te have relatively low sensitivity for
the detectiom of pulmonary nodules. Previous authors
have indicated that overlying bone structures may
obscure pulmonary lesions.' Dual-energy (DE) tech-
niques are one of the possible methods to reduce ana-
tomical noise. DE chest radiography involves taking an
exposure of the patient using different energy x-ray
beams. By exploiting the difference in the energy
dependence of attenuation between bone and soft tssue,
the contrast of the bone can be eliminated, producing a
saft-tissue-only Image, or the contrast of the soft tissue
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can be reduced to produce a bone image.”

Two approaches have been developed and evaluated
by research groups: a single-exposure technique and
a dual-exposure technique. In the single-exposure tech-
nigue, one x-ray exposure is used 1o expose two stacked
detectors that may be separated by a filter. The dual-
exposure technique, such as that described in this study.,
employs two separate exposures: a high-energy exposure
and a low-energy exposure that are subsequently applied
to the same detector.” In previous studies, single-
exposure DE techniques employing a storage phosphor
system have proven advantageous in the detection of
pulmenary nodules.”** Despite these promising results,
the single-exposure technique has not gained wide
acceptance because of inconsistent image quality and
ditficulties in the handling and processing of images.**

Recently, full-field digital amorphous silicon fiat-
panel x-ray detector radiography systems based on
cesium lodide (Csl) and amorphous silicon have hecome
commercially available. These systems promise rapid
access to the image for diagnosis, improved image
quality relative to that of screen-film and storage phos-
phor systems. and possibilities for reduced radiation
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exposure.” Development of a fast, high-efficiency flat-
panel detector enables the dual-exposure DE technigue
to be integrated into the traditional workflow. Therefore,
the aim of this study was to evalvuate the etfectiveness
of the dual-exposure DE technique in flat-panel chest
radiography for pulmonary nodule detection.

MATERIALS axD METHODS

Patients j

From August to October 2004. 100 consecutive patients
(57 men and 43 women: mean age, 60.2 years: range,
18-89 years) from different clinical departments
underwent chest CT and dual-exposure DE chest
radiography in our hospital. Chest CT was performed
within one month before or after the time of chest
radiography. Fifty-twa of the 100 patients had one or
more pulmonary nodules. The median size of the
pulmonary nodules was 1.0 cin (range 0.4-5 cm). The
other 48 patients had no pulmonary nedules.

Chest radiography g

Chest radiographs were acquired using a [lai-panel
digital chest system (Revolution XR/d, GE Medical
Systems. Milwaukee, WI), The chest systen includes a
Csl scintillator and an amorphous silicon photodiode-
transistor array. The detector has an image size of 41x41
cm and pixel dimension of 0.2x0.2 mm.

The DE examination consisted of the standard digital
PA radiograph as well ax the soft-tissue image and the
bone image. DE images were acquired in a dual-exposire
technigque with 200 msec between the high- and low-
energy exposures. The imaging parameters included a
140-kV image at a speed equivalent of approximately
250, and a 60-kV image at a speed equivalent of
approximately 1,000 (Figs. 1A-C).

(T examinations were perlormed using a multidetector
CT (LightSpeed Ultra 16, GE Medical Systems) at 120
kV. 180 mA; collimation. 20 mm, table speed, 35 mwy/
rotation: scan time. 0.6 sec/rotation: reconstruction
interval, 10 mm, or a single helical CT (Xvigor. Toshiba
Medical Systems, Tokyo, Japan) at 120 kV. 160 mA,;
collimation. 10 mm; table speed, 12 mm/rotation; scan
time. 1 sec/rotation; reconstruction interval. 10 mm
(Figs. 1D, E).

Display

All digital images were sent to a picture archiving and
communication systems (PACS) workstation
(SYNAPSE, FujiFilm Medical Co., Ltd., Tokyo, Japan).
All digital images were viewed on a 21-inch (53 em)
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monochrome liquid crystal display (LCD}) monitor
(FC2090, Eizo Nanzao Corp., Ishikawa, Japan) with a
resolution of 1,536x2,048.

Quality of sublraction images j

Before the reading test, the quality of subtraction
images was evaluated on the basis of consensus of two
experienced chest radiologists (M.1. and Y.Y.). Sub-
traction images were evaluated as fitting one of the
following four grading descriptions: “excellent™ few
mismatch artifacts of pulmonary structures; “good™
some mismatch artifacts of pulmonary structures. but
the image is still suitable for diagnosis; “acceptable™ in
spite of the presence of some severe mismatch artifacts
of pulmonary structures, an excess of 50% of the lung
fields is suitable for diagnosis; and “not acceptable™
there is poor matching of the whole lung. and the results
are not acceptable for diagnosis.

Image evaluation 4

Ten radiologists participated in this study as observers:
5 residents with 4 or fewer years of experience and 5
experienced radiologists with 6 or more years of
experience. CT examination served as the gold standard
to determine the exact size and location of pulmonary
nodules. Two other experienced chest radiolagists
(M., and Y.Y ) reviewed the CT images with consen-
sus. Observers were not given any clinical mformation,
including diagnoses and results of CT examination,
except for patients’ age and sex. The chest radiographs
were presented as standard PA images alone or as
standard PA radiographs in conjunction with DE
subtraction images. Standard and DE sets were viewed
in two sessions separated by one week, Images were
presented in random order. No limit was imposed on
reading time. The reading time was recorded in each
session. A continuous rating scale of 0-100 was used
represent each observer's confidence level regarding
the presence or absence of pulmonary nodules. The
lungs were divided into two fields (right and left) for
observation of pulmonary nodules.

Data and statistical analysis j

Data are expressed as means = standard deviation (SD).
A total of 4.000 observations (100 patients x 2 fields x
2 sessions x 10 observers) were evalnated. Observer
performance for the detection of pulmonary nodules with
and without subtraction images was tested by using
receiver operating characteristic (ROC) analysis of
individual and averaged reader data.'® Detection
accuracy was measured according to the area under the
ROC curve (Az), or Az value determined by ROCKIT
(Metz CE, Department of Radiology, University of
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Fig. 1. A 69-year-old woman with pulmonary
nodules, suspicicus of mycetogenic infection.
A: Standard image shows a pulmonary nedule
in the right tower lung field and a pulmonary
nodule in the left iniddle hung field.

B: Solt-tissue image shows pulmonary nodules
more evidenily.

ORIGINAL ARTICLE

C: Bone image shows no caleification in pulmonary nodules,
D: CT image shows pulmonary noditle 1.5 cm in diameter in the upper lobe of the lelt lnng.
E: CT image shows pulmonary nodule 2.1 cm in diameter in the lower lobe of the right lung.

Chicago. IL). The statistical significance of difference
between the Az value with and without subtraction
intages and that between the reading time with and
without them were determined with Student’s two-
tailed t-test for paired data. In addition, the statistical
significance of the difference between the Az value for
residents and that for experienced radiologists was
determined with Student’s two-tailed t-test. Probability
values <0.05 were considered statistically signiticant.

REsuLTs

Results of visual evaluation of the quality of subtraction
images are summarized in Table 1. Ninety-eight percent

Volume 23, Number 6

of the images of the right lang and 94% of the images of
the left lung were evaluated to be excellent or good.
Almost all images were assessed as acceptable for the
reading test in both lung fields.

The observer study results are shown in Table 2.
All ROC curves are illustrated in Figs. 2-5. The average
Az value for the 10 observers increased significantly
from 0.784+0.029 without subtraction images to
(.81510.021 with subtraction images. The average
Az vajue for residents increased significantly from
0.762£0.016 without subtraction images to
0.803£0.015 with subtraction images. Similarly the
average Az value for experienced radielogists increased
significantly from 0.805+0.023 without subtraction
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Table 1, Evaluation of the quality of subtraction images

Right lung Lefi lung
Grade

Number (5) Number (%)}
Excellent 88 (88 68 (68}
Goad 10 ¢10) 26 (26}
Acceprable [ (1) 5(5)
Not acceprable 1(1}) L

Table 2. Az values of ROC curves for detection accuracy

Az value

Observer number

Without subiraction images

With subtractien images

Residents
1 0.733 0,796
2 0750 0,822
3 0,764 0.811
4 (.751 0.805
5 (1,735 0.733
Mean Az value (L76240.016 0.8031+0.015
Radiologists
1 0.778 0.797
2 0.808 0.841
3 0.790) 0.821
4 0.812 0.321
5 0.338 0.834
Mean Az value 0.80520.023 82720022

All observers
Mean Az value

0.78440.029

0.815x0.021

images to 0.82720.022 with subtraction images. In
the comparison between residents and experienced
radiologists. the average Az value for the experienced
radiologists was significantly higher than that for the
residents in the reading test without subtraction images
(p=0.010). However, there was no stgnificam difference
between the Az value for residents and radiologists with
subtraction images (p=0.083).

Meanwhile, for both subgroups of residents and expe-
rienced radiologists, there was no significant difference
between the mean reading time per session without and
with subtraction images (74.2 min vs. 75.0 min. p=0.796
for residents. 63.2 min vs. 68.2 min. p=0.261 for
experienced radiologists). There was no significant
difference between the mean reading tune per session
without and with subtraction images (Table 3, p=0.251).

Discussion

In the present study, we showed significant improvement
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in pulmonary-nodule detection by the addition of DE
images for the st time with a fla-panel detector system.
Significant improvement in nodule detection was
obtained by the addition of DE images in all observers
and in the subgroups of residents and experienced
radiologists. Above all. the improvement of detectability
of nodules was more pronounced in residents. With
additional DE subtraction images, the nodule detect-
ability of residents was improved to nearly the same level
as that of experienced radiologists. This means that
the DE technique would compensate for experience-
dependent differences in diagnostic accuracy in the
detection of pulmonary nodules. Considering that chest
radiography is usually the first screening method for
chest diseases and that the reader of chest radiographs
is not usually an experienced chest radiologist, we
conclude that the subtraction technigue would be useful
for reducing missed detection of pulmonary nodules in
routine clinical practice.

Full-field digital amorphous silicon flat-panel x-ray

RADIATION MEDICINE
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detector radiography systems based on Csl and amor-
phous silicon have recently become commercially
available. Previous experimental and clinical studies
have shown that excellent image quality is achieved with
the silicon flat-panel x-ray detector radiography system
compared with the image quality produced by conven-

Volume 23, Nunber 6

Fig. 5. With subtraction images, ROC curve shows the detection
accuracy of individual radiologists.
TPF: true-positive fraction, FPF: false-positive fraction.

tional film-screen radiography and computed radiog-
raphy systems.!** Recent development of a fast, high-
efficiency flat-panel detector enables the dual-exposure
DE technique to be integrated into the traditional
workflow. In this study, DE chest radiographs were
acquired using a flai-panel digitai chest system with
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Table 3. Reading time of each observation

Reading time (minutes)

Observer number

Without subtraction images

With subtraction Images

Residents
1 99 92
2 a0 30
3 54 >4
4 81 &l
5 37 68
Mean reading time 7422187 7301145
Radioclogists
1 90 &6
2 iy 55
3 38 63
4 61 58
5 05 T+
Mean reading 1ime 6325184 GR.2EI23
All observers
Mean reading time 6871184 T1.6+£133

the dual-exposure technique. To our knowledge, there
have been no conclusive studies using this system with
the DE technique, and having a relatively large number
of patients.

An important characteristic of the flat-panel] detector
radiography system 1s that its detective quantum
efficiency (DQE) is higher than those of computed
radiography and film-screen radiography systems.'*"
A higher DQE provides improved capability to reveal
an object in a noisy background.™ in addition ta the
possibility of reducing patient radiation dose with no
loss of diagnostic information. In previous stodies. the
flat-pane} detector radiography system showed marked
and significant dose reduction compared with that
possible with computed radiography or film-screen
radiography systems.'*1>1¢ The flat-panel detector
radiography system had equal image quality with
approximately half the radiation dose, compared with
computed radiography systems or film-screen radiog-
raphy systems. Therefore. the dual-exposure technigue
with flat-panel detector does not increase radiation
dose compared with these systems.

The guality of subtraction images was good. In the
comparison between the right and left lung, mismaich
artifacts were seen more frequently in the left lung. These
were seen mostly in the left middle and lower fields.
We considered that this would be influenced by heart
beat. Although misregistration is one of the disad-
vantages of the dual-exposure technique. subtraction
images of almost all cases were acceptable for reading.
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Reading with subtraction images including soft-
tissue and bone images did not require extended reading
time compared with that withount subtraction images.
This would be caused by an increase in the confidence
level of pulimonary nodule detection. Moreover. eval-
uation by the LCD monitor may take effect. Even
without hard-copy {ilms. observers could read imuges
etficiently.

There are several limitations to our study. First,
patients with relatively large masses or nmitiple nodules
were included in the study. They could be easily detected
without subtraction images. Subtraction images would
be more beneficial for the detection of subile lesions. In
this regard. we may have underestimated the effec-
tiveness of using the DE subtraction technique. Second,
we evaluated only the detectability of pulmonary
nodules. and did not evaluate qualitative diagnosis. The
improvement in differential diagnosis between benign
and malignant nodules with use of this method was not
evaluated. Further studies should address the effect of
this techmique on the efficacy of pulmonary lesion
classification.

In conclusion, dual-exposure DE subtraction chest
radiography significantly Improves the detection of
pulmonary nodules without extending the reading tinie.
The results indicate that the use of DE subtraction images
is beneficial both for subgroups of residents and for
experienced radiologists. Thus, this technique would be
usefu] for reducing missed detection of pulmonary
nodules in routine clinical practice.

RADIATION MEDICINE
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Purpose

In thoracic screening with mobile CT unit, thin-seciion CT [indings were compared
belween lesion judged to be [ollow-up and lesion diagnosed as lung cancer or adenomalous

hyperpiasia.
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