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ABSTRACT

Fundamental and clinical evaluation of chest CT imaging in detectability of pulmonary nodules was
carried out in comparison with projection chest radiography including conventional screen-film system,
advanced multiple beam equalization radiography (AMBER System), and computed radiography with
imaging plate (CR). Detectability of simulated nodules in the fundamental study and of metastatic pulmon
ary nodules in ten patients in the clinical study was analysed by five radiologists. CT found the greatest
number of nodules and also showed the highest sensitivity in detecting nodules of less than 5 mm in both the
fundamental and clinical studies. The ability of computed tomography to visualize small pulmonary nodules
may make it a possible substitute for chest radiography as the primary mass screening method, and as the
examination method for small metastatic nodules (less than 5 mm) in patients with extrathoracic malignancy.
There was no significant difference between conventional radiography, AMBER, and CR in the number of
detected nodules.
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INTRODUCTION

Pulmonary nodule is one of the most common radiologic findings, occurring in about 1 to 2

per 1,000 routine screening chest radiographs. Most nodules represent reactive benign processes

such as granulomas. Unfortunately, a small solitary nodule and several nodules are also the most

common presentation for asymptomatic malignant tumors. 1,2) Godwin provided the following

approximate distribution of causes for solitary pulmonary nodules: 3) Malignant tumors ac

counted for 40%, of which 30% were primary lung cancers, and 10% were metastases. Benign

diseases accounted for 60%, of which 50% were infectious granulomas, 2% were noninfectious

granulomas, 2% were benign tumors, and 6% were miscellaneous lesions. Much attention has

been devoted in recent years to the detection of small pulmonary nodules by using various kinds

of diagnostic imaging modalities, because survival rates are much improved if a primary lung

cancer or a metastatic lesion is removed while still at the circumscribed nodular stage.4)

Computed radiographic imaging is a relatively new method of generating digital radiographs

that was introduced first in Japan.S) It attempts to digitize radiographic images based on the

principle of scanning laser stimulated luminescence. The great flexibility in image manipulation

and display of this system make it possible to present pulmonary nodules in a more recognizable

fashion, especially those obtained from under- or overexposed areas of conventional radio-
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graphs. 6,7) Research efforts for improving the quality of the chest radiograph based on the use of
equalization methods have resulted in the development of an advanced multiple beam equaliza
tion radiography system, AMBER, which controls local exposure delivered to the film, improv
ing the detectability of nodules positioned over the mediastinum or diaphragmatic areas without
overexposure of the lungs.8,9) Since CT offers a higher degree of discrimination of tissue density
than conventional radiographs, and because this is useful for detecting calcification within a no
dule, CT has been applied to distinguish benign from malignant nodules. 3) Unfortunately, since
neither diagnostic imaging method is tissue specific,IO) the relative specificity of each procedure
in differentiating benign processes, such as granulomas from metastatic deposits or primary lung
cancer if the nodule in question does not contain a nidus of calcification, is purely a function of
its size "sensitivity". The lack of tissue specificity in distinguishing benign from malignant no
dules, particularly in the 3 to 6 mm range, is the single most limiting factor in the evaluation of
pulmonary nodules by CT. However, CT is of greater benefit in patients with metastatic tumors
especially because metastatic lesions tend to be subpleural, a region difficult to examine by plain
radiographyy,12) Pulmonary resection for metastatic disease has proved effective in obtaining
35% five-year survival. 13) The superior sensitivity of CT in the detection of metastatic pulmon
ary nodules may have an impact on clinical management. The purpose of this study was to com
pare the detectability of pulmonary nodules between projection chest radiographs including con
ventional chest X-plain, advanced multiple beam equalization radiography (AMBER System),
computed radiography and computed tomography and to determine their usefulness. Until now
there has been no comparative study between these four modalities of imaging.

MATREIALS AND METHODS

1. Phantom study
A chest phantom with simulated pulmonary nodules underwent three kinds of projection

radiographs, that is, conventional radiography, AMBER (Philips, Oldelft, The Netherlands) and
computed radiography with imaging plate (model TCR 3030 A, Toshiba, Japan). The anthro
pomorphic phantom used here to reproduce the human chest, was made using epoxy resin plas
tics of various compositions that duplicate the shape and the X-ray density of the chest struc
tures. Computed tomography (model 900S, Toshiba, Japan) was also undergone by another
specially designed phantom which reproduces transverse sections of the thorax, using com
pressed carton and epoxy resin plastics that duplicate the shape and CT density of the lung
parenchyma, bronchus and vessels within each section. Three sections, one in the upper, one in
the middle and another one in the lower thorax, were found to be sufficient to simulate most
clinical situations. The simulated nodules were made of Mix DP (a mixture of parafin, polietilen,
pine oil, Mg02, and Ti02). There were 25 nodules ranging from 1 to 5 mm in diameter. The
nodules were attached at random on the front of the chest phantom, and inside of each trans
verse section in the CT phantom. Five radiologists observed four kinds of images and answered
the location and size of each nodule based on the confidence of each perceived nodular opacity.

2. Clinical study
Between June 1991 and September 1992, 10 patients with multiple metastatic pulmonary no

dules underwent conventional chest radiography and other imaging modalities including
AMBER, CR, and CT. All patients gave informed consent before participating.

Conventional chest images, AMBER, and computed radiography (CR) were taken with
80 kVp tube voltage and CT was performed with 140 kVp tube voltage and contiguous
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lO-mm thick slice without contrast material from the apex of the lung through the lung bases
with an average of 20 to 25 slices per one chest study.

Assessments of the images were made by five radiologists independently of each other. Each
was asked to locate, count and measure the observed nodules on an image in each radiographic
image and on multiple CT images. Then the nodules were measured according to the CT scale,
CR scale, and by direct measurement in AMBER and conventional chest plain film. If some CT
slices included the same nodule, the largest image was counted and measured.

The date analysis was done by means of two-way analysis of variance (ANOVA), a method
developed by R.A. Fisher, which is used most frequently to test the null hypothesis that there is
no difference in the means of the populations from which the separate samples have been
drawn. 14)

RESULTS

1. Phantom study
The outcome of counted nodules in the phantom study is shown in Table 1. We used the

two-way analysis of variance to determine which method was superior in detecting lung nodules.
The two-way analysis of variance showed that the detectability of pulmonary nodules was signi
ficantly different among the imaging modalities (p<O.OOOI). In all cases, the number of nodules
detected with CT was shown to be greater than that detected with the other modalities. Conven
tional radiography detected fewer nodules than computed radiography and the AMBER system;
however, the difference was not statistically significant.

Table l. Total Number of Nodules Detected with Each Modality per Size in the Phantom Study

Mod/Size 5mm 4mm 3mm 2mm Imm Total

CT 25 25 18 8 0 76

CR 14 7 6 2 0 29

AMBER 17 6 3 2 0 28

Plain X-p 12 8 1 0 0 21

2. Clinical study
The result of the relation between the size and total number of counted nodules is shown in

Fig.l, and Table 2 shows the mean and confidence interval of the number of counted nodules.
The two-way analysis of variance with no repeated measures showed that imaging modalities
had a statistically significant relationship with the detectability of pulmonary nodules
(P<O.OOOI), and that observers had no statistically significant relationship with it. The number
of detected nodules was the largest with CT. There were significant differences in the number of
detected nodules of less than 6 mm, and between 6 to 10 mm. However, there were no signifi
cant differences among the four kinds of imaging modalities in the number of detected nodules
at the size of 11 to 20 mm, 21 to 30 mm, and more than 30 mm. Furthermore, there was no
marked difference between conventional radiography, AMBER, and computed radiography in
the number of detected nodules.
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Fig. 1. Relation between the size and total number of counted nodules

for each imaging modality in the clinical study.

Table 2. Mean, Standard Error and Confidence Level of Counted Nodule Number

Modality

XCT

AMBER

Plain X-ray

CR

Mean ± Standard Error

989.2± 89.9

416.2 ± 51.9

453.6± 40.3

419.2± 33.8

DISCUSSION

Confidence level (95 %)

851.2-1127.2

278.2-554.2

315.6-591.6

281.2-557.2

The Superior sensitivity of cr in the detection of metastatic pulmonary nodules was do
cumented soon after cr's introduction. In addition to its advantageous cross-sectional display of
anatomy and high contrast, spatial resolution of cr allows detection of pulmonary nodules as
small as 2 mm in diameter. In a pathologic study by Crow et aI.,l1) 59% of metastatic lesions
measured 5 mm or less, a size rarely detected with standard radiography. Conventional screen
film systems provide excellent spatial resolution and specificity; however, the requirement of
wide latitude can not be met without sacrifice of contrast. In addition, conventional chest radio
graphy is limited by scatter radiation, particularly in the mediastinum and heart. The experience
of Muhm and associates at the Mayo Clinic,15) indicates that cr can, in fact, detect more no
dules than either chest radiography or conventional whole lung tomography. This is primarily
because the normal superimposition of bony or vascular structures inherent in conventional film
examinations is avoided entirely with cr scanning. The orientation of the cr scans is particu
larly well suited for the demonstration of lesions peripherally located within the lungs, those in
the costophrenic angles, retrosternal or retrocardiac regions, and high in the apices. Recent de
velopment of medical electronics has made it possible to realize dedicated plain radiography sys-
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tems such as CR and AMBER system. These modalities improve the detectability of nodules as
compared with conventional radiography with screen-film system.6.9) However, they are less sen
sitive in detecting a small pulmonary nodule than CT as shown in this study. The main reason
why more and smaller nodules can be detected by CT than other modalities is that CT has
higher contrast resolution and the transverse orientation of the CT image eliminates the confus
ing shadows caused by superimposed cardiovascular and bony structures. Our clinical study
shows that there are no significant differences in the number of detected nodules by conven
tional radiography, computed radiography and AMBER. This can be explained by the fact that
most of the pulmonary nodules were located over the lung compared with few nodules over the
mediastinum and diaphragmatic areas, where the ability of computed radiography and AMBER
to detect nodules is greatly improved compared with conventional radiography.16)

We have been able at the same time to confirm the importance of CT in the management of
patients with pulmonary nodules by using a reference phantom system. In the phantom study
there was no significant difference in the number of nodules detected by conventional radio
graphy, computed radiography and AMBER, because of a situation similar to that in the clinical
study: most of the pulmonary nodules were also positioned over the lung, where the ability to
detect nodules by computed radiography and AMBER is only slightly improved compared with
conventional radiography. 16)

In this study, it is clear that CT is a highly sensitive method for detecting more and smaller
pulmonary nodules than the other modalities. The ability of CT to visualize small pulmonary
nodules may make it a possible substitute for chest radiography as the primary screening
method, including mass screening, in evaluating patients for early pulmonary malignancy. How
ever, reduction of radiation dose in CT examination is needed for it to be used in mass screen
ing. This may be possible by using the CT spiral method I?) in which 20 slides are obtained in 24
seconds in only one held-breath exposure. Since the highest permissible milliampere-second set
ting for a spiral scan is currently less than that used for standard CT, the radiation dose to the
patient is currently less for spiral CT. Further investigation is needed to realize CT as a screen
ing system. 18)
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